Synthesis of the adenovirus type 12 E1A and E1B tumour antigens was compared in productively infected human (KB) cells and in abortively infected baby hamster kidney (BHK) cells. By the use of anti-peptide antibodies, the E1A tumour antigens were easily detectable in infected KB extracts as early as 6 h postinfection, but were not detectable in infected BHK extracts until 12 h post-infection. The level of E1A tumour antigens detected in BHK extracts was 10 to 15 % of that detected in KB extracts. The level of the E1B 163R (19K) tumour antigen was also lower in BHK extracts: 5 to 10 % of that detected in KB extracts. Stability of the E1A tumour antigens was not significantly different in the two infected cell species, indicating that the lower E1A level during abortive infection was due to a lower rate of synthesis of these proteins. These data suggest that early protein synthesis is not the same in abortively infected cells as it is in productively infected cells.
Introduction
The ability of human adenovirus (Ad) to complete its infectious cycle depends on the species of the host cell. The Ad infectious cycle is completed in permissive human cells, whereas infection of non-permissive cells is aborted at some step. In the case of abortive infection of baby hamster kidney (BHK) cells by Ad type 12 (Adl2), viral DNA replication is blocked completely (Doerfler, 1969; Doerfler & Lundholm, 1970) . Despite the transcription of Adl2 early genes during abortive infection (Ortin et al., 1976; Esche et aI., 1979) , it is not certain that early protein synthesis is similar during both productive and abortive infections. For this reason, we have begun comparing Adl2 early protein synthesis in infected human and hamster cells by investigating the synthesis of the E1A and E1B tumour (T) antigens. The E1A T antigens are needed for efficient transcription of the other viral early genes, and together with the E1B T antigens are required for transformation (reviewed in Grand, 1987) . The E1A T antigens are functional in infected BHK cells in activating viral transcription, and in their effects on the cell cycle (Strohl, 1973; Ortin et al., 1976) , and since BHK cells are transformed by Adl2 (Strohl, 1973) both the E1A and E1B T antigens must be functional for transformation in BHK cells. The data presented here, however, indicate that the Adl2 E1 T antigens are not expressed to the same levels during infection of BHK as they are in human (KB) cells.
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Methods
Preparation of cell-free extracts. Cells and virus were obtained from the American Type Culture Collection. Monolayer cultures of KB or BHK-21 CI 3 cells were infected with Adl2 (strain Huie) in MEM with 2% gamma globulin-free calf serum (for KB) or Dulbecco's MEM (DMEM) with 2% foetal bovine serum (for BHK). For immunoprecipitation analysis, the cells were starved for 1 h in methionine-free medium with 2 % dialysed serum; the proteins were then labelled by the addition of 500 p, Ci/ml of Tran35S-label (>1100 Ci/mmol; ICN Radiochemicals) for 2 to 3 h. The cells were harvested and extracts prepared by sonication . For immunoblot analysis, the cells were not labelled prior to being harvested. The m.o.i, was increased for BHK cells relative to KB cells to compensate for the reduced efficiency of BHK infection by Adl2 (Klimkait & Doerfler, 1985) . Infection conditions were established by determining the effect of m.o.i, on the inhibition of cellular DNA synthesis (Fig. 1) . Adl2 inhibits the rate of cellular DNA synthesis in growing cells (Ledinko & Fong, 1969) , an effect which is independent of viral protein synthesis (Yamashita etal., 1971) . Comparable levels of inhibition in the two cell lines were therefore taken as comparable virus entry into the cells, and the Ad12 m.o.i, was adjusted accordingly for each cell line (i.e. 1-5 × 104 to 2 x 104 particles/KB cell, and 5 × 104 to 6 × 104 particles/BHK cell). Adl2 particle concentration was calculated using the relationship of 1 A260 = 2 × 1011 particles (Rowe & Graham, 1981) ; Adl2 stocks typically contain approximately 320 particles per p.f.u. (Green et al., 1967) .
Analysis of cell extracts. Anti-peptide antisera targeted to the common C terminus (Ab204) and common N terminus (Ab202) of the Adl2 E1A T antigens were generous gifts of M. Green, St Louis University Medical Center, St Louis, Mo., U.S.A., and have been characterized elsewhere (Lucher et al., 1984 . Antiserum (Ab8) targeted to a synthetic peptide containing a C-terminal sequence (QEEKEEERNPAVVEK, residues 149 to 163) from the Adl2 EIB L. A. Lucher 163R (19K) T antigen was raised in rabbits using procedures previously described (Green et al., 1983) .
For immunoprecipitation analysis, aliquots of labelled cell extract containing 5 x 106 to 1 × 107 TCA-precipitable counts were incubated with 10 I11 of antiserum, and immunoprecipitated with heat-killed, formalin-fixed Staphylococcus aureus as described previously (Green et al., 1979) . Immunoprecipitates were fractionated by discontinuous SDS-PAGE, and the proteins were visualized by fluorography with Kodak X-Omat X-ray film (Lucher et al., 1984) . Densitometric quantification of the films was done with a Bioimage Visage 110 Image Analyser (Kodak), under conditions of linear film response to radioactivity (Lucher & Lego, 1989) .
For immunoblot analysis, aliquots of the unlabelled cell extract containing 75 lxg of protein (determined by the method of Lowry et al., 1951) were fractionated on SDS gels, and the proteins were transferred to nitrocellulose membrane by electroblotting (Lucher& Lego, 1989) . Protein blots were incubated with an anti-peptide antiserum, and the antibod~antigen complexes were visualized with peroxidase-conjugated goat anti-rabbit IgG antibody (Organon Teknika-Cappel) .
Results
Synthesis o f the E 1 A T antigens in infected K B and B H K cells
I m m u n o p r e c i p i t a t i o n a n a l y s i s was p e r f o r m e d o n 35S-labelled extracts to c o m p a r e the synthesis of E 1 A T a n t i g e n s in infected K B a n d B H K cells. A t 6 h postinfection (p.i.) E 1 A T a n t i g e n synthesis in K B cells was high, b u t was u n d e t e c t a b l e in B H K cells (data n o t shown). E 1 A synthesis r e m a i n e d high in K B cells until at least 25 h p.i. (Fig. 2a) . In B H K cells, E 1 A synthesis was detectable by 12 h p.i., increased slightly by 26 h p.i., a n d r e m a i n e d at a low b u t steady level up to 57 h p.i. (Fig.  2b) . T h e a m o u n t of E 1 A T a n t i g e n synthesized in B H K cells d u r i n g the labelling period was estimated by d e n s i t o m e t e r tracing to be a p p r o x i m a t e l y 10 to 15% of that synthesized in K B cells.
I m m u n o p r e c i p i t a t i o n analysis u s i n g a n t i s e r u m targeted to the N t e r m i n u s of the E 1 A T a n t i g e n s did n o t alter the a m o u n t of the E 1 A detected from B H K extracts ( Immunoprecipitates were fractionated on a 14% SDS gel; autoradiography of the salicylate-treated gel was for 5 days at room temperature (for immunoprecipitates from KB extracts) or for 7 days at -70 °C (for immunoprecipitates from BHK extracts). The 266R/235R E1A T antigen bands in common between KB and BHK immunoprecipitates were quantified by densitometry; the relative intensities for each cell line in the graph are given in relation to the unchased E1A intensity. Open circles, KB immunoprecipitates; closed circles, BHK immunoprecipitates. 3a), indicating that the E1A C termini were not hidden from antibody by protein-protein interactions (Grand & Gallimore, 1984; Yee & Branton, 1985) which might be a Fig. 4 . Specificity of the anti-peptide antiserum targeted to the C terminus of the Adl 2 E 1B 163R (19K) T antigen. Immunoprecipitates from the infected KB extract were fractionated on a 14% SDS gel, and visualized by fluorography. For competition analysis, the immunoprecipitation reaction included 10 ~tg of homologous (Hm) or heterologous (Ht) peptide. The positions (from top to bottom) of the following Mr marker proteins are shown: bovine albumin, 66000; egg albumin, 45000; glyceraldehyde-3-phosphate dehydrogenase, 36000; carbonic anhydrase, 29 000; trypsinogen, 24000; and soybean trypsin inhibitor, 20100. The arrowhead indicates the 163R T antigen. Antisera: Ab8, 163R C terminus-specific antiserum; N, prebleed rabbit serum. characteristic of infected BHK cells. Pulse-chase studies also indicated no significant difference in E 1A stabilities in the two cell species (Fig. 3 b) . Taken together, these data indicate that synthesis of the E1A T antigens was lower in infected BHK ceils than in infected KB cells.
With a decrease in E1A synthesis in BHK cells, it can be expected that E 1A accumulation in BHK cells would also be lower. Attempts at immunoblot analyses of extracts to determine the accumulation of E 1A in the two cell species were hindered by a strong cross-reaction with a cellular protein of similar mobility in the gels.
Synthesis of the E1B 163R T antigen in infected KB and BHK cells
The expression of the E1B 163R (19K) T antigen in infected BHK cells was also investigated, using anti- T antigen in BHK cells increased slightly from 25 to 50 h p.i., whereas the amount of T antigen in KB cells increased dramatically from 25 to 33 h p.i. By comparing the intensities in blots of decreasing KB protein concentration and constant BHK protein concentration (not shown), the amount of 163R T antigen in BHK cells at 50 h p.i. was estimated to be 5 to 10% of that present in KB cells at 33 h p.i.
Since the E1B 163R T antigen could not be immunoprecipitated from BHK cell extracts, its stability in the cells could not be tested by pulse-chase studies; therefore it is unknown whether decreased stability accounts in part for the lower levels of 163R in those cells. peptide antiserum targeted to the C terminus of the T antigen. The antiserum was specific for the 163R T antigen, which migrated with an apparent Mr of 18K (Fig. 4) . Synthesis of the 163R T antigen in BHK cells was not detectable by immunoprecipitation of BHK extracts, even when a fivefold increase in radioactive protein was included in the reaction (Fig. 5a ). Immunoblot analysis of unlabelled extracts (Fig. 5b) demonstrated that the T antigen accumulated in both KB and BHK cells to detectable levels by 25 h p.i., although the level in BHK cells was lower. Accumulation of the 163R
Discussion
The data presented here indicate that the synthesis of the Adl2 E1A T antigens, and of the E1B 163R T antigen, are not similar during productive and during abortive infection. Although others have shown that Adl2 early genes are transcribed during abortive infection (Ortin et al., 1976; Esche et al., 1979) , the actual concentrations of early RNAs in productively infected cells and in abortively infected cells were not compared. Whether the difference in E1 T antigen synthesis is due to a decrease in transcription or translation efficiency remains to be determined. It will also be important to analyse Adl2 E1B 58K synthesis in BHK cells to understand fully E1B expression during abortive infection, particularly in light of the observation that Ad2 and Ad5 E1B proteins complement the DNA replication defect of Adl2 in BHK cells (Klimkait & Doerfler, 1987) . Unfortunately, attempts made during this study to detect the 58K protein using a commercially available monoclonal antibody were unsuccessful. Detection of E1A T antigen synthesis in BHK cells between 6 and 12 h p.i. is consistent with studies by Strohl (1973) , in which the T antigen was detected by immunofluorescence in BHK cells at 8 h p.i. It cannot be concluded that the onset of E1A T antigen synthesis is delayed in BHK cells when compared to KB cells because T antigen levels in BHK cells earlier than 12 h p.i. may simply have been below the limits of detection by immunoprecipitation.
Three electrophoretic forms of the Adl2 E1A T antigen, designated 266R, 235R and 235R*, appear consistently in immunoprecipitates of infected KB extracts . The 235R* E1A T antigen was not detectable by immunoprecipitation analysis of BHK extracts. It is not clear whether this form was absent from BHK cells, or whether its concentration was below the limits of detection by immunoprecipitatian.
The 235R* form is also undetectable in extracts of an Adl2-transformed hamster cell line (Lucher et al., 1984) . 
Synthesis of the E1A T antigens is sufficient during
